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57 ABSTRACT 
The present invention features an energy storage sched 
uler that schedules the timing and extent of charging a 
storage device from the electric energy supply. The 
energy storage scheduler has a charge level device for 
receiving information representative of the level of 
charge of the storage device. A programmed measuring 
and refining mechanism is provided to quantify the load 
profile of the energy utilizing load system. A timer is 
connected to the energy storage scheduler to provide 
information representative of the ongoing time within 
the current cycle period. A price processor is connected 
to the energy storage scheduler for receiving and pro 
cessing information representative of prospective time 
varying prices of electric energy from the supply. Fi 
nally, a mechanism is provided to calculate, from the 
information available from the charge level device, the 
programmed measuring and refining mechanism, the 
timer and the price processor, optimal timing for charg 
ing the storage device to predetermined storage levels 
to achieve a minimal cost supply of the aggregate en 
ergy demands of the load system. 

14 Claims, 7 Drawing Sheets 
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ENERGY STORAGE SCHEDULING SYSTEM 

FIELD OF THE INVENTION 
The present invention relates to the regulation or 

management of supply of electric power to load sites 
such as office buildings, hospitals, factories and the like 
which require comparatively great amounts of electric 
energy for load systems performing such functions as 
heating, cooling, or motor operation. 

BACKGROUND OF THE INVENTION 

Modern electric utility companies are confronted 
with various economic, regulatory, and environmen 
tally related pressures which complicate, and sometimes 
prevent, construction of more generating capacity in 
response to market or service territory growth. As a 
consequence, although such companies usually give 
considerable attention to programs for energy conser 
vation so as to moderate demand and thereby offset 
need for increased generating capacity, thought is cur 
rently being given by utilities to various strategies or 
techniques for managing or regulating customer de 
mand for electric energy. The objective of such strate 
gies from the utility point of view is to moderate the 
peaks and valleys of fluctuations in electric energy use 
over a given time frame such as a twenty-four hour day, 
and thereby smooth out the demand level over such a 
time period. This enables generating capacity already in 
place to be used most efficiently. 

Electric energy users in turn have economic incen 
tives to minimize the cost of their energy demands. 
Attention has therefore been focused from both supply 
side and demand side on efforts to achieve both reduced 
fluctuations in demand required to be met by the sup 
plier, and derivation from such reduced fluctuations of 
lower costs for the user. 

Prior art demand side management efforts on the part 
of utilities have involved such techniques as time-of-use 
pricing, in which prices are lowered to encourage filling 
of demand valleys and raised to moderate customer 
demand at peak hours, and automated shut-off of se 
lected customer equipment such as water heaters during 
peak demand hours. Temporary shedding of loads in a 
rolling fashion in a given market or service territory is 
another known technique for moderating peak demand. 

Unfortunately, in the aforementioned prior art sys 
tems, the user is required to provide certain startup 
information. For example, upon initial installation, the 
user is expected to provide the building design load and 
building use schedules, startup values for cooling load 
profile, noncooling electric load profile, and ambient 
temperature profile. Also, the user must provide maxi 
mum ton-hours of storage compacity, maximum chiller 
cooling rate, and maximum storage discharge rate in 
tons. 
Such prior art techniques have lacked the sophistica 

tion required for timely consideration of all significant 
user-related parameters such as prospective next-day 
heating or cooling requirements or machine run time. 
They also lack the ability to respond promptly to 
changes in significant supplier-related factors such as 
variations in generating costs. Moreover, such prior art 
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techniques rely on the user to provide a great number of 65 
initial parameters and design characteristics, which may 
or may not be reliable and are certainly inconvenient for 
the user to enter into the system periodically. 

2 
It would be advantageous and is, in fact, one of the 

objects of the present invention, to provide a dynamic 
adaptive energy scheduling system that will allow vari 
ations in parameters, transparent to the user. In the 
course of operating the present system of the invention, 
certain parameters are obtained, but need not be ex 
pressly entered into the system by the operator. 

Prior art systems may also require a user to specific 
cally provide the high and low ambient temperatures 
predicted by the National Weather Service for the next 
day. Once again, the use of a non-automated system for 
providing this information and the lack of updating 
such information has resulted in a serious impediment to 
the use of such systems. The fact is, that few operators 
take the time necessary to input this information on a 
daily basis and, even when they do, the information can 
become outdated rapidly as weather conditions change 
during the day. Thus, it would be advantageous to pro 
vide an energy scheduling system that calculates and 
recalculates predictive weather information on the basis 
of ongoing, changing data acquired by the system auto 
matically and periodically. 

SUMMARY OF THE INVENTION 
Accordingly, the principal object of the present in 

vention is to provide scheduling means for regulating 
the charging of energy into storage means in accor 
dance with information relating to a variety of factors 
including predicted load demand, present level of en 
ergy already stored in the storage means, and periodi 
cally updated and refreshed information as to prospec 
tive temperature predictions and supplier prices. 
Another object of the present invention is to provide 

improved means for managing the supply of electric 
energy to a load site or load system based on hourly 
utility-supplied pricing structures in a manner to ensure 
the user adequate supply without interruption and at 
attractive cost levels, and to ensure the supplier desir 
able moderation of demand fluctuations. 
Another object is to provide such an energy schedul 

ing system which involves means for the temporary 
storage of energy, at or near the site of the user, and 
which is capable of being pre-charged at optimally low 
cost to the user in anticipation of subsequent user de 
mand. 

Still another object is to provide an energy storage 
scheduling system of the foregoing character wherein 
the user-adjacent energy storage system may be of the 
primary energy storage type (i.e., capable of storing 
electric energy itself as by means of batteries or capaci 
tors or the like), or may be of a type for storing thermal 
or potential energy. 
Another object is to provide such an energy schedul 

ing system wherein the storage means may be sized for 
storage of only a fraction of the load system total de 
mand in a given demand cycle period such as a consecu 
tive twenty-four hour daily period and wherein much of 
the stored energy is used and relatively little is wasted. 

In accordance with the present invention, there is 
provided an energy utilizing load system having energy 
demands which vary and whose total demand for en 
ergy is satisfied by input of energy directly from an 
electric energy supply and input of energy released 
from an energy storage system, previously charged 
from the electric energy supply. 
The energy storage scheduler of this invention sched 

ules the timing and extent of charging a storage means 
from the electric energy supply. The energy storage 
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scheduler has charge level means for receiving informa 
tion representative of the level of charge of the storage 
means. A programmed measuring and refining mecha 
nism is provided to quantify the load profile of the 
energy utilizing load system. A tinner is connected to 
the energy storage scheduler to provide information 
representative of the ongoing time within the current 
cycle period. A price processor is connected to the 
energy storage scheduler for receiving and processing 
information representative of prospective time-varying 
prices of electric energy from the supply. Finally, a 
mechanism is provided to calculate, from the informa 
tion available from the charge level means, the pro 
grammed measuring and refining mechanism, the timer 
and the price processor, optimal timing for charging the 
storage means to predetermined storage levels to 
achieve a minimal cost supply of the aggregate energy 
demands of the load system. 

BRIEF DESCRIPTION OF THE FIGURES 

These and other objects of the invention will become 
more readily apparent from a consideration of the fol 
lowing description together with the accompanying 
drawings, wherein: 

FIG. 1 is a diagrammatic and schematic view of an 
electric energy supply system including structures and 
schedulers constructed and arranged in accordance 
with the present invention; 

FIG. 2 is a block diagram of a scheduler and associ 
ated elements of the load system shown in FIG. 1; and 
FIGS.3a-3e comprise a flow chart of scheduler oper 

ations. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The diagram of FIG. 1 depicts an electric utility 2 
having an electric energy supply 4 for serving the de 
mands of a load system 6. Electric utility 2 includes load 
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monitoring equipment 3 and typically a plurality of 40 
power substations 5 having their own load monitoring 
equipment 5a. A utility load control center 7 is con 
nected to all load monitoring devices 3, 5a for monitor 
ing the aggregate utility load and for influencing con 
sumer load through interruption of power or through 
pricing, 
The load system 6 may include storage apparatus 6a, 

which forms no part of the present invention. Storage 
apparatus 6a is disposed in each of the structures 6b 
being provided with energy. The load system 6 may 
consist of one or more pieces of electric energy utilizing 
apparatus, not shown, such as, for example, heating 
equipment, cooling equipment, factory machinery drive 
motors, or electric motors for other applications. 

In the contemplation of the present invention, the 
load system 6 is normally of such a nature as to have an 
aggregate demand for electric energy which varies in a 
periodic or cyclical fashion in a given time frame such 
as a twenty-four hour day. If the load system is largely 
cooling (HVAC) equipment for comfort conditioning 
of office personnel work spaces, it will be appreciated 
that the demand for energy for HVAC is likely to be 
greatest during that portion of the twenty-four hour day 
when the office personnel are about to arrive or are 
present. Furthermore, varying weather conditions 
drive heating and cooling loads directly. Consequently 
the energy demand of the cooling equipment will be 
likely to vary day by day. 
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4. 
An energy storage scheduler 8 is provided to sched 

ule storage of energy by receiving information from 
various sources as described hereinbelow and calculat 
ing appropriate values representative of decisions to be 
used by the storage apparatus 6a, 

Referring now also to FIG. 2, there is shown a block 
diagram of the scheduler 8 (FIG. 1) and related compo 
nents in the energy scheduling system. For purposes of 
brevity, identical components are identified throughout 
the figures with identical reference numerals. 

Electric energy flows from power utility 2 to the 
structures 6b (FIG. 1) which contain apparatus shown 
generally as reference numeral 6a (FIG. 1). This appa 
ratus comprises three components: plant equipment 9 
for converting electrical energy into thermal energy 
including cooling energy; energy storage 10 which 
stores energy for future use; and equipment controls 11 
for dividing energy between storage 10 and load 6, 
controlling plant operations, etc. 
Connected to equipment controls 11 is the energy 

storage scheduler 8 which provides a supervisory func 
tion to the equipment controls 11. For example, signals 
may be generated by scheduler 8 which are applied to 
equipment controls 11. The information from scheduler 
8 may instruct equipment controls 11 to charge storage 
device 10 at a specified time. It is the equipment con 
trols 11, however, that actually initiates such charging 
operation of the storage devices 10. Without the sched 
uler 8 providing supervisory scheduling information to 
the equipment controls 11, equipment controls would 
usually charge the storage devices 10 at a predeter 
mined time regardless of the cost of doing so. Thus, 
scheduler 8 provides a valuable function in providing 
intelligence to the system so that the cost of charging 
the storage devices 10 is minimized. 

Scheduler 8 is also adapted, as hereinbelow described 
in greater detail, to receive feedback information from 
components such as the storage devices 10 and the 
equipment controls 11. Such information is used by 
scheduler 8 to update its scheduling. In addition, sched 
uler 8 is adapted to receive data from external sources 
representative of outdoor temperature, pricing informa 
tion or certain other information that would override 
the normal operation of the system, such as special 
events, additional load requirements, storage devices 
and the like. In this way, the system can adapt to new 
situations dynamically and scheduler 8 can reflect ongo 
ing changes in the system and store such historical data 
for future reference. 

Scheduler 8 is also adapted to receive overriding 
information from an operator, in certain unforeseeable 
emergencies. Scheduler 8 can also receive utility over 
ride information which may occur during high utility 
demand periods. In other words, scheduler 8 can be an 
integral component in a load-shedding operation, when 
required. Moreover, scheduler 8 is also adapted to re 
ceive information from an energy management control 
system (EMCS) which may be part of a building com 
plex. 

Referring now to FIG. 3, there is shown a flow chart 
of scheduler 8 operations in accordance with the pres 
ent invention. 

During system initialization, step 101, the following 
information is entered, either manually by the operator 
or automatically: 

a) present date and time; 
b) energy storage system charge input rate; 
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c) storage system type(s) being controlled (menu 
choices); 

d) input port configuration information by channel: 
Temperature Inputs 
Runtime Inputs 
Utility Control Signals 
EMCS Control Signals 
Manual Override Signals 
State of Charge Senor Type; 

e) output control port configuration information by 
channel: 
Heating System Charge Enable 
Cooling System Charge Enable 
Auxiliary HVAC System Charge Enable 
Other Energy System Charge Enable; 

f) channel multipliers and off-sets; 
g) pricing format (menu); 
h) source of pricing and temperature prediction data 

(e.g., local keyboard, modem, radio frequency 
link); 

i) data format information (menu); and 
j) full load (worst case) conditions. 
A safety, step 102, can be any contact closure input to 

the energy storage scheduling system. Examples of a 
safety input are heat and smoke alarms. 
A demand limit, step 104, is a contact closure input 

from any source, such as an energy management sys 
tem, which is used to shed connected electric loads in an 
effort to curtail usage and maintain a maximum energy 
demand. This is true for any energy source. When the 
energy storage scheduling system receives a contact 
closure on the demand limit input port, step 104, it 
immediately terminates excess energy usage step 103. 
Thus, if the system is charging the energy storage me 
dium, that activity is suspended until the demand limit 
signal has been released. 
A utility radio control override signal, step 105, is any 

contact closure input to the energy storage scheduling 
system generated as a result of any utility control sys 
tem signal. The control signal is typically intended to 
terminate charging of the energy storage medium. 
The call for heat signal, step 106, is indicative of 

building heating load. 
The call for cooling signal, step 110, is indicative of 

building cooling load. 
Auxiliary HVAC is enabled, step 119, when there is a 

continuous call for heating or cooling and conditioned 
space temperature is a) falling in heating mode, or b) 
rising in cooling mode. 
The current storage inventory, step 125, is derived 

from an energy balance maintained on the storage sys 
tem. Measured storage output to load and charge oper 
ating time, along with charging capacity, are all used to 
maintain the energy balance. 
Outdoor air prediction, step 126, is refined by a ratio 

adjustment of measured temperature and predicted tem 
perature. 

Adjustments to the predicted load, step 127, are made 
based on the ratio of measured temperature to predicted 
temperature and the difference between previous pre 
dictions and actual load. 
Adjustments to the hourly estimated stored energy 

inventory, step 128, are based on actual last hour usage 
and new predicted building load. 

Rate-of-charge may not match input capacity for 
certain types of systems (e.g., simultaneous charge and 
discharge). The time to reach a desired storage inven 
tory while meeting the load is determined, step 129, by 
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6 
the ratio of required storage to system input capacity 
minus load. 
The next day's hourly load profile is predicted, step 

132, by starting with the last similar day as the base 
condition. During initialization, full load prediction is 
assumed. The total load is distributed over the hourly 
load shape, making a ratio adjustment based on pre 
dicted and actual weather data. An uncertainty factor is 
added to the hourly loads. 
Charge periods are planned, step 133, so that the 

lowest cost hour is used to make up the storage deficit 
before storage is depleted. 

Rate-of-charge or charge time is reduced, step 134, so 
that the storage charge input meets only the predicted 
storage deficit. 
The planned charging schedule is refined, step 136, 

based on current inventory, next hour predicted load 
and rate-of-charge. 
The purpose of energy storage scheduler 8 is to 

achieve the goals of a) smoothing demand from load 
system 6 on supply 4 (FIG. 1) for the benefit of the 
supplying utility, and b) minimizing the total cost of 
energy supplied to load system 6. Scheduler 8 is pro 
grammed to apprise equipment controls 11 to begin 
charging storage devices 10 and/or to provide energy 
to the load 6, based on inputs to scheduler 8 of informa 
tion regarding a number of scheduling factors. Such 
factors include the current level or quantity of energy 
already stored in storage means 10 and currently avail 
able for release to load system 6. This factor may be 
continuously monitored directly from storage means 10. 
Another significant control factor is information pre 

dictive of energy demand of load system 6 during each 
hour, fractional hour or other time increment. For ex 
ample, where the load system 6 is involved with heat 
ing, cooling, or other personal comfort-related func 
tions, information predictive of weather conditions an 
ticipated to prevail during the next time period is sup 
plied to scheduler 8 by means of a conventional outside 
temperature sensor, not shown. 
Time information continuously providing the current 

time is supplied to scheduler 8 so that time-related deci 
sions of the scheduler 8 can be time-referenced. 

Finally, it is a particular feature of the present inven 
tion that the scheduler 8 is supplied with information, 
periodically, as to the expected or predicted hour-by 
hour prices to be charged by the utility 2 during each 
hour, or selected time increment. 
With the above-described inputs it will be appreci 

ated that the scheduler 8 serves as a calculator or com 
puter for determining how best to supply the predicted 
demands of load system 6 at minimum cost to the user. 
The utility 2, by adjusting or designing its time-of-use 
and/or real-time prices, can influence scheduler 8 deci 
sions and thereby smooth demand on its supply system 
through valley filling and peak shaving. Scheduler 8 
provides sophisticated and timely regulation of energy 
flow from supply 4, as influenced for benefit of the 
utility by its pricing structure, and for benefit of the user 
by minimum cost goals. Moreover, the scheduler 8 
enables full advantage to be taken of price changes from 
the utility, which may occur hourly or even more fre 
quently in real time as conditions within the utility gen 
erating system vary. 
Charge decisions of the scheduler 8 will also require 

taking into account the capacity limits of storage means 
10 relative to total anticipated demand of load system 6, 
and the desirability of not wasting stored charge, as 
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might be possible, for example, when thermal energy is 
stored, which gradually dissipates and degrades over 
time if not used. 

Scheduler 8 may be a commercially available com 
puter, such as an IBM PC, or microcontroller pro 
grammed to receive the inputs described heretofore, 
and to make energy storage decisions at intervals of any 
desired length during the cycle period of load system 6. 
From the foregoing description and the accompany 

ing drawing, it will be apparent that the present inven 
tion provides, for use with energy storage means as 
described, improved means for managing and regulat 
ing energy demand to achieve beneficial moderation of 
demand peaks and valleys while responding promptly 
to continually updated and refreshed pricing informa 
tion so as to optimize user cost savings. The invention is 
not limited to the precise embodiment shown in the 
illustrative drawing and various modifications and 
changes may, it will be recognized, be made by those 
skilled in the art without departing from the scope and 
spirit of the invention, as defined by the appended 
claims. 
What is claimed is: 
1. A dynamic, adaptive energy scheduling system 

operating on an hourly basis and receiving feedback 
information with respect to an energy network or sys 
tem under its control, said dynamic, adaptive energy 
scheduling system comprising: 

storage means for storing electrical energy; 
electrical energy generating means for supplying 

electrical energy to said storage means; 
electrical energy consumption means electrically 
connected to said storage means for drawing elec 
trical energy therefrom in order to run electrical 
equipment; 

a programmable electrical energy scheduling means 
connected between said storage means, said electri 
cal consumption means and said electrical energy 
generating means, and operating on an hourly ba 
sis, said programmable electrical energy schedul 
ing means being programmed with data represent 
ing previous energy consumption and temperature 
cycles of said electrical energy consumption 
means, and receiving data representing hourly tem 
perature data and energy consumption data from 
said electrical energy consumption means, said 
programmable electrical energy scheduling means 
receiving information from said storage means 
with respect to its state of electrical charge, said 
programmable electrical energy scheduling means 
receiving electrical energy pricing information on 
an hourly basis from said electrical energy generat 
ing means and possible override signals indicative 
of electrical energy generating emergencies, said 
dynamic adaptive energy scheduling system hav 
ing adaptive behavior reflecting ongoing changes 
or load-shedding requirements of said electrical 
generating means, said programmable energy 
scheduling means predicting and scheduling future 
energy usage of said electrical energy consumption 
means, based upon a previous energy profile corre 
sponding to a similar energy usage cycle of said 
electrical energy consumption means and the most 
recently received data in order to provide efficient 
storage and an electrical energy draw from said 
storage means. 

2. A dynamic, adaptive energy scheduling system in 
accordance with claim 1, wherein said electrical energy 
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consumption means includes at least one of the follow 
ing: a heating system, a cooling system, electrical con 
trol devices, buildings, schools, housing facilities and 
factories. 

3. A dynamic, adaptive energy scheduling system in 
accordance with claim 1, wherein said programmable 
electrical energy scheduling means comprises a 

4. A dynamic, adaptive energy scheduling system in 
accordance with claim 1, wherein said programmable 
electrical energy scheduling means comprises a mi 
crocontroller. 

5. A dynamic, adaptive energy scheduling system in 
accordance with claim 3, wherein said computer is 
connected to an energy management control system. 

6. A dynamic, adaptive energy scheduling system in 
accordance with claim 3, wherein said electrical energy 
generating means includes an electrical utility. 

7. A dynamic, adaptive energy scheduling system in 
accordance with claim 3, wherein said programmable 
electrical energy scheduling means includes means for 
updating energy profile information. 

8. A dynamic, adaptive energy scheduling system 
operating on a real-time basis, and receiving feedback 
information with respect to an energy network or sys 
tem under its control, said dynamic, adaptive energy 
scheduling system comprising: 

storage means for storing electrical energy; 
electrical energy generating means for supplying 

electrical energy to said storage means; 
electrical energy consumption means electrically 
connected to said storage means for drawing elec 
trical energy therefrom in order to run electrical 
equipment; 

a programmable electrical energy scheduling means 
connected between said storage means, said electri 
cal consumption means and said electrical energy 
generating means, and operating on a real-time 
basis, said programmable electrical energy schedul 
ing means being programmed with data represent 
ing previous energy consumption and temperature 
cycles of said electrical energy consumption 
means, and receiving data representing real-time 
temperature data and energy consumption data 
from said electrical energy consumption means, 
said programmable electrical energy scheduling 
means receiving information from said storage 
means with respect to its state of electrical charge, 
said programmable electrical energy scheduling 
means receiving electrical energy pricing informa 
tion on a real-time basis from said electrical energy 
generating means and possible override signals 
indicative of electrical energy generating emergen 
cies, said dynamic, adaptive energy scheduling 
system having adaptive behavior reflecting ongo 
ing changes or load-shedding requirements of said 
electrical generating means, said programmable 
energy scheduling means predict and schedule 
future energy usage of said electrical energy con 
sumption means, based upon a previous energy 
profile corresponding to a similar energy usage 
cycle of said electrical energy consumption means 
and the most recently received data in order to 
provide efficient storage and an electrical energy 
draw from said storage means. 

9. A dynamic, adaptive energy scheduling system in 
accordance with claim 7, wherein said energy consump 
tion means includes at least one of the following: a 
heating system, a cooling system, electrical control 



5,274,571 
devices, buildings, schools, housing facilities and facto 
ries. 

10. A dynamic, adaptive energy scheduling system in 
accordance with claim 8, wherein said programmable 
electrical energy scheduling means comprises a com 
puter. 

11. A dynamic, adaptive energy scheduling system in 
accordance with claim 8, wherein said programmable 
electrical energy scheduling means comprises a mi 
crocontroller. 
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10 
12. A dynamic, adaptive energy scheduling system in 

accordance with claim 10, wherein said computer is 
connected to an energy management control system. 

13. A dynamic, adaptive energy scheduling system in 
accordance with claim 8, wherein said electrical energy 
generating means includes an electrical utility. 

14. A dynamic, adaptive energy scheduling system in 
accordance with claim 8, wherein said programmable 
electrical energy scheduling means includes means for 
updating energy profile information. 

x k . . . 


